The objective of this study was to assess the parity, presence of blood in the stomach, and the gonotrophic discordance of females of Aedes aegypti and Aedes albopictus captured in two areas of the city of São Paulo. The captures were undertaken monthly, by aspiration, in the period from January, 2015 to August, 2017. All the females of the two species had their midguts and ovaries dissected to determine the presence of blood and the parity/stage of maturation. With regard to parity, 27% and 34% of the females of Ae. aegypti and Ae. albopictus, respectively, were parous or were in advanced stages of the development of their ovaries (33% and 27%, respectively). The larger part of the females of Ae. aegypti and Ae. albopictus contained blood in their stomachs (77% and 60%, respectively), beyond which 36% and 27% of the females of Ae. aegypti and Ae. albopictus, respectively, were in gonotrophic discordance. Our results indicate favorable conditions in the study areas because of the presence of parous females. Moreover, this frequent and multiple contact of Ae. aegypti and Ae. albopictus females with vertebrate hosts, such as humans, increases the possibility of transmitting the viruses they may be carrying. Journal of Vector Ecology 44 (2): 233-240. 2019.
INTRODUCTION
Aedes aegypti mosquitoes have a widespread distribution throughout the world, especially in tropical and subtropical countries, whereas Aedes albopictus are also found in countries of temperate climate, such as those of the European continent (Kraemer et al. 2015) . Both of these species are important arbovirus vectors to human beings, being responsible for various epidemic outbreaks throughout the world (Hayes 2009 , Grandadam et al. 2011 In Brazil, at the beginning of the 20 th century, Ae. aegypti was already of great importance for public health, because it transmitted the virus causing urban yellow fever, especially in the states of Rio de Janeiro and São Paulo, where serious epidemics of this disease occurred (Consoli and Lourenço-de-Oliveira 1994) . From the second half of the 1980s, this species once again became a health concern as it was indicated as the main vector of the serotypes DENV-1, DENV-2, DENV-3, and DENV-4 of the dengue virus (DENV), isolated in the country in 1986 , 2000 , and 2010 , respectively (Schatzmayr et al. 1986 , Nogueira et al. 1990 , Temporão et al. 2011 .
More recently, with the first isolation in Brazil of the Chikungunya virus (CHIKV) in September, 2014, in the city of Oiapoque -Amapá (Teixeira et al. 2015) and of the Zika virus (ZIKV) in 2015 in the city of Camaçari -Bahia (Campos et al. 2015) , Ae. aegypti received still greater notoriety, as it was once again indicated as the principal vector of these etiological agents to human beings, naturally infected specimens already having been found (Ferreira- de-Brito et al. 2016 , Costa-da-Silva et al. 2017 .
Aedes albopictus is also an important mosquito for Brazilian public health, as it is considered to be a potential vector of the viruses DENV (Castro et al. 2004) , CHIKV (Vega-Rúa et al. 2014) , and ZIKV (Chouin-Carneiro et al. 2016) , and also of yellow fever (Miller and Ballinger 1988, Tauil 2010) . Its first recorded appearance in Brazil occurred in the state of Rio de Janeiro in 1986, and its expansion throughout the country occurred successfully and rapidly because in less than 30 years only two of 27 Brazilian federative units had not officially reported its presence (Carvalho et al. 2014 , Pancetti et al. 2015 . Differently from Ae. aegypti, which is frequently found in urban environments, using artificial containers as breeding places, Ae. albopictus has an affinity for peri-urban, sylvatic, and rural areas, where there is greater availability of natural containers for oviposition (Braks et al. 2003 , Lima-Camara et al. 2006 .
The females of both Ae. aegypti and Ae. albopictus need blood meals to develop their eggs to obtain the amino acids necessary for vitellogenesis (Clements 1992) . The ingestion of blood triggers the development of the ovaries, which undergo various stages of maturation, classified in accordance with the quantity of yolk present (Mer 1936 , Christophers 1960 . As the digestion of the ingested blood advances, its coloring, initially red, becomes brown and, once the blood is completely digested, the female is gravid and generally ready to lay her eggs Lea 1979, Lima-Camara et al. 2007 ).
The gonotrophic cycle consists in the period between consuming a blood meal from a vertebrate host, digestion of blood, oogenesis and oviposition Lea 1979, Charlwood et al. 1980) . In general, the undertaking of one complete blood meal by the female is apparently sufficient for one oviposition (Farjana and Tuno 2013) . Nevertheless, some populations of Ae. aegypti and Ae. albopictus have demonstrated gonotrophic discordance, the ingestion of more than one blood meal by the female within a single gonotrophic cycle (Macdonald 1956 , Hien 1976 , Barata et al. 2001 , Lima-Camara et al. 2007 ). This behavior is epidemiologically important and may have a major public health impact because it increases the contact of these females with the vertebrate hosts, thus increasing the chances of their being infected and transmitting the arbovirus they are carrying (Barata et al. 2001 , Lima-Camara et al. 2007 ).
Despite its importance, few studies evaluated the presence of gonotrophic discordance in field populations of Ae. aegypti and Ae. albopictus in Brazil. In fact, the studies carried out in Brazil do not include the city of São Paulo, considered the most populous city in South America (Barata et al. 2001 , Fernández and Forattini 2003 , Lima-Camara et al. 2007 . Associated with the recent entry of arbovirus chikungunya and Zika in São Paulo, it is necessary to investigate this behavior in Ae. aegypti and Ae. albopictus in this city.
During the first gonotrophic cycle, the female mosquito ceases to be nulliparous and becomes parous. This classification may be obtained by means of the observation of the extremity of the tracheoles that oxygenate the ovaries (Detinova 1962 , Clements 1992 . A high rate of parity among the females of a particular population suggests greater longevity (Almeida et al. 2005) , a factor that is closely related to vector capacity because it indicates an increase in the chances of the species having been infected with pathogens and having transmitted them (Hoeck et al. 2003) .
The objective of this study was to determine the parity, the presence of blood in the midgut, and the gonotrophic discordance of females of Ae. aegypti and Ae. albopictus in two areas of great human density in the city of São Paulo, SP.
MATERIALS AND METHODS

Study areas and mosquito collection
The captures were undertaken in two areas of the city of São Paulo. Area 1 was represented by the Parque dos Esportes (23°33'34.4" S; 46°44'12.8" W), situated on the University Campus (Cidade Universitária) of the University of São Paulo. This area presents relatively dense vegetation coverage and consists of a track of about 1,000 m in length, where there is great human activity, surrounded by a remnant of the Atlantic Forest, with great diversity of flora and fauna (CEPEUSP 2016) . Area 2 included the campus of the School of Public Health of USP (23°33'15.3" S; 46°40'19.9" W), with a considerable built-up area and with considerable human activity. Further, the presence in area 2 of Ae. aegypti in both natural and artificial breeding sites was reported (Lima-Camara et al. 2016, Bermudi et al. 2017) . The area was also very close to two cemeteries that might act as important larval sites for both Ae. aegypti and Ae. albopictus (Vezzani 2007) The captures of mosquitoes in area 1 were undertaken outside the buildings along the track, in the period from January, 2015 to December, 2016, while the captures in area 2 occurred in and around the building between March, 2016 and August, 2017. The captures were undertaken monthly in each area with the assistance of a manual aspirator connected to a 12-volt battery, the duration of the aspiration lasting for 1.5 h per capture day. One advantage of the use of batterypowered aspirators is that they allow the active collection of both males and females from their resting sites, providing more precise data on the mosquito population in an area. In addition, the aspiration technique has been shown to be more efficient in capturing Ae. aegypti and Ae. albopictus than some traps, such as the BG-Sentinel (Stenn et al. 2018) .
The mosquitoes captured in areas 1 and 2 were taken to the Entomology Laboratory of the School of Public Health of the University of São Paulo, where they were anaesthetized on ice. Later, the females were separated and identified by means of the dichotomous key proposed by Consoli and Lourençode-Oliveira (1994) .
Dissection of the midgut and ovaries of females
Aedes aegypti and Ae. albopictus females were dissected under a stereoscopic microscope for analysis of their ovaries and stomach contents, in accordance with the techniques proposed by Consoli and Lourenço-de-Oliveira (1994) . With light dissection, the ovaries and the stomach were placed in saline solution and the stomachs were observed for the presence of blood. If blood was present, the degree of digestion was assessed on the basis of its coloring: red for the beginning of digestion and brown for the conclusion of digestion (Barata et al. 2001 , Lima-Camara et al. 2007 . After this procedure, a small slide was placed on the drop of saline containing the ovaries and examined at 100X to determine the stage of ovarian maturation and parity. The stage of the ovaries was determined in accordance with the classifications of Mer (1936) and Christophers (1960) .
The criteria for classifying gonotrophic concordance or discordance was based on Lima-Camara et al. (2007), who assessed the gonotrophic cycle of these species under laboratory conditions. These authors observed that females in gonotrophic concordance showed red blood in their midgut associated with ovaries in initial stages of the maturation (I, I-II and II stages), as well as brown blood in their midgut associated with ovaries in late stages of maturation (III and IV stages). Similarly, females of Ae. aegypti and Ae. albopictus with no blood in the stomach and ovaries in initial stages of the maturation or stage V were in gonotrophic concordance as well (Lima-Camara et al. 2007) . Therefore, females that did not present this pattern of correlation between their midgut and ovaries were considered to be in gonotrophic discordance.
Statistical analysis
To compare the association between the two species of this study and the presence of gonotrophic discordance, we used the Pearson's Chi-squared statistical test, with statistical significance for a p-value < 0.05, and the Yule's Q contingency coefficient (Q-Yule).
RESULTS
A total of 674 mosquitoes were captured, including two Ae. aegypti (0.62%) and 322 Ae. albopictus (99.38%) in area 1; and 347 Ae. aegypti (99.14%) and three Ae. albopictus (0.86%) in area 2. Of the 325 Ae. albopictus captured in the two areas, 139 were female and 186 were male, while of the 349 Ae. aegypti captured, 152 were female and 197 were male. For the dissection of the ovaries and midguts, 143 (94%) of the females of Ae. aegypti and 120 (86%) of the females of Ae. albopictus were used.
Of the 143 females of Ae. aegypti we dissected, the midguts of 143 (100%), the parity of 125 (87%), and the stage of development of the ovaries of 128 (89%) were assessed. With regard to parity, 40% (50/125) were nulliparous, 27% (34/125) were parous and 33% (41/125) were in an advanced stage of maturation (III to V), when it is not possible to determine parity because of the large quantity of yolk in the ovarian follicles ( Figure 1 ).
For Ae. albopictus, of the 120 females dissected, the stomachs of 120 (100%), the parity of 108 (90%), and the stage of ovarian development of 107 (89%), were assessed. As regards parity, 39% (42/108) of the females were nulliparous, 34% (37/108) were parous, and 27% (29/108) had ovaries in advanced stages of maturation (III to V) ( Figure 1) .
For the analysis of midgut contents, of the 143 females of Ae. aegypti dissected, 23% (33/143) had not taken a blood meal recently, while 77% (110/143) contained blood in their midguts, 72% (79/110) being red-colored, 21% (23/110) of brown coloring and 7% (8/110) of red and brown coloring. In an attempt to determine the presence of gonotrophic concordance or discordance in the females of Ae. aegypti, the stages of the maturation of the ovaries were related to the coloring of the blood found in the midgut.
The majority of Ae. aegypti females that contained red blood in their midguts were found to be in the initial stages (I, I-II, and II stages) of the maturation of their ovaries (64%; 46/72), but some of the females with red blood were in the late stages (III, IV, and V stages) of maturation (36%; 26/72). Similarly, some females with brown blood in the midgut were found to be in the late stages of ovarian maturation (44%; 7/16), while a similar number of females (50%; 8/16) presented brown blood in the stomach and ovaries in the initial stages of maturation and there was one female (6%; 1/16) with brown blood in stage V. The majority (71%; 5/7) of females with red and brown blood in their midguts had their ovaries in the late stages of maturation. A large part of the females of Ae. aegypti without blood in the midgut had their ovaries in the initial stages of maturation (85%; 28/33), four of them in stages III and IV (12%; 4/33), and one (3%; 1/33) in stage V (Table 1) .
Forty percent (48/120) of the Ae. albopictus had not taken a blood meal recently, while 60% (72/120) contained blood in the midgut, 61% (44/72) with red-colored blood, 38% (27/72) with brown coloring, and 1% (1/72) with red and brown blood. In the relation between the stages of the maturation of the ovaries and the coloring of the blood found in the midgut of the females of Ae. albopictus, it was discovered that the majority of the females that contained red blood in their midgut were in the initial stages of the maturation of their ovaries (74%; 29/39), while some females (26%; 10/39) with red blood in their midguts had ovaries in the late stages of maturation. Eight females (34%; 8/24) with brown blood in their midgut had ovaries in the late stages of maturation (III and IV), though a greater number of females with brown blood in their stomachs (58%; 14/24) had ovaries in the initial stages of development and two females (8%; 2/24) had ovaries in stage V. Of the females of Ae. albopictus without blood in their midguts, the majority (79%; 34/43) had their ovaries in the initial stages, and seven (16%; 7/43) in stage V of their development, while two females (5%; 2/43) were found without blood in their midguts and ovaries in stages III and IV. The female found with blood of red and brown coloring in its stomach had its ovary in an initial stage of maturation (Table 2) .
We found gonotrophic discordance in 36% (46/128) of the females of Ae. aegypti and in 27% (29/107) of those of Ae. albopictus. The comparison between the two species and the presence of gonotrophic discordance showed that there was no statistically significant difference between the species for a p-value < 0.05 (p = 0.147 and Q-Yule = -0.20). The lack of significant differences may be due to the small sample size of both Ae. aegypti and Ae. albopictus females.
DISCUSSION
Aedes aegypti and Ae. albopictus mosquitoes are of great importance because they are considered to be vectors of arboviruses such as dengue, Zika, and chikungunya, especially in countries of tropical and subtropical climate (Hawley 1988 , Hayes 2009 , Grard et al. 2014 ). Furthermore, Ae. albopictus has already been incriminated as a vector of chikungunya in temperate countries such as Italy and France (Bonilauri et al. 2008 , Honório et al. 2017 . In Brazil, Ae. aegypti is a widespread species and is closely associated with humans, inhabiting the interior of dwellings in urban and suburban environments (Lima-Camara et al. 2006) , as well as being the principal vector of dengue, Zika, and chikungunya viruses (Vega-Rúa et al. 2014 ). On the other hand, Ae. albopictus is present in almost all Brazilian states (Carvalho et al. 2014 , Pancetti et al. 2015 , but it is more frequent in rural and forested environments (Braks et al. 2003 , Lima-Camara et al. 2006 ). However, this mosquito is considered to be a potential vector of the viruses of yellow fever (Miller and Ballinger 1988) , dengue (Castro et al. 2004 ), Zika (Chouin-Carneiro et al. 2016 , and chikungunya (Vega-Rúa et al. 2014) .
In this study, we assessed the parity, the presence of blood in midguts, and the ovarian development of Ae. aegypti Table 1 . Assessment of the midgut and of the stages of the ovaries of females of Ae. aegypti. Relation between stage of maturation of the ovaries and the coloring of the blood found in the midgut of females of Ae. aegypti, collected in two areas of the city of São Paulo, SP, Brazil. Total  N  I  I-II  II  III  III-IV  IV  V   No Blood  16  6  3  3  3  1  1  33   Red  17  10  19  17  3  4  2  72   Brown  3  3  2  3  1  3  1  16 Red and Ae. albopictus in two areas of the city of São Paulo, SP. The larger part of the Ae. albopictus specimens captured was in area 1, where there is a relatively dense vegetation coverage, whereas Ae. aegypti was predominant in area 2, which is more developed and has a considerable movement of people. For both species, the number of males captured was greater than that of females in both collection areas, and this could be associated with the proximity of larval habitats, as the dispersal of the males seems to be more limited (Valerio et al. 2012 , Lima-Camara et al. 2016 . Beyond that, we found 40% and 39% of nulliparous females of Ae. aegypti and Ae. albopictus, respectively, which points to the possibility of breeding places in the areas of capture. In fact, in area 2, where a larger number of Ae. aegypti was captured, the presence of this species has already been recorded in natural and artificial larval habitats (Lima-Camara et al. 2016 , Bermudi et al. 2017 ).
Blood Color** Ovarian Stages*
Of the Ae. aegypti and Ae. albopictus females captured, 27% and 34%, respectively, were parous or were in an advanced stage of ovarian development (33% and 27%, respectively). These data indicate that area 1 and area 2 are favorable for the maintenance and longevity of Ae. albopictus and Ae. aegypti, respectively, since a high parous rate suggests high longevity (Almeida et al. 2005) . Barata et al. (2001) found 27% of Ae. aegypti to be nulliparous females and 10.1% parous in São José do Rio Preto, São Paulo, and suggested that that population would not be as long-lived. However, in Rio de Janeiro, Lima-Camara et al. (2007) found a much greater number of parous females of Ae. aegypti and Ae. albopictus (48.1% and 86%, respectively) than of nulliparous ones (3.7% and 0.8%, respectively), indicating that these populations were longer-lived. Telles de Deus and Kakitani (2006) , in a study of Aedes scapularis, also obtained a greater number of parous females (55.5%) than of nulliparous ones (35.4%).
Outside Brazil, Scott et al. (2000) observed a low rate of parity in females of Ae. aegypti captured in Thailand (19%) and Puerto Rico (32%). In Tucson, AZ, Hoeck et al. (2003) found 44% of the females of Ae. aegypti to be parous, whereas Gottfried et al. (2002) found a rate of parity of 80.2 to 85.8% in two places in eastern Tennessee for Ae. albopictus. In Macao, China, a parity frequency of 52.8% was found for Ae. albopictus (Almeida et al. 2005) . A lower rate of parity (11%) was observed for females of Ae. albopictus in southwestern Louisiana (Willis and Nasci 1994) .
The parity rate of vectors can provide an estimate of their longevity, which is a key parameter of mosquito vector capacity, as well as an important estimate of vector/host contact. The greater the parity rate of a vector population, the more frequent will be the occurrence of contact with the vertebrate host for a blood meal, and considering the anthropophilic behavior that Ae. aegypti and Ae. albopictus frequently show Kramer 2016, Stenn et al. 2018) , the immediate implication is an increase in the chance of the pathogen transmission by these mosquitoes (Barata et al. 2001 , Telles-de-Deus and Kakitani 2006 , Lima-Camara et al. 2007 ).
The frequent contact of Ae. aegypti and Ae. albopictus with vertebrate hosts in our study was confirmed by the high frequency of females with blood in the midgut (77% and 60%, respectively). These data strengthen the conditions favorable to the maintenance of Ae. albopictus and Ae. aegypti in areas 1 and 2, respectively. On the other hand, the presence of females of Ae. aegypti and Ae. albopictus without blood in their stomachs (23% and 40%, respectively) may be associated with their recent emergence or to a recent oviposition (Lima-Camara et al. 2007) , or even to a late stage of ovarian maturation (stage V) when the female is ready to lay its eggs (Klowden and Lea 1979) .
The majority of Ae. aegypti and Ae. albopictus females captured in our study were in the initial stages of ovarian maturation (66% and 73%, respectively). The same was not observed by Barata et al. (2001) in the state of São Paulo, where they found 62.9% of the females of Ae. aegypti with their ovaries in the late stages of maturation. In the state of Rio de Janeiro, Lima-Camara et al. (2007) also found the majority of the females of Ae. aegypti with ovaries in the late stages of maturation but more females of Ae. albopictus with ovaries were in the initial stages of development as observed in our study. Fernández and Forattini (2003) also found a larger percentage of Ae. albopictus females in late stages of development, in the state of São Paulo, as did Scott et al. (2000) , who captured a large number of females of Ae. aegypti gravid in Thailand (56%) and Puerto Rico (69%).
Although we could not infer how many blood meals the female mosquitoes had taken within that gonotrophic cycle, in this study we associated the midgut content with the stages of the ovaries to determine gonotrophic discordance. Examinations of the ovaries of Ae. aegypti fed with blood indicated that the initial stages of maturation (up to stage II) were associated with the presence of red blood in the midgut provided by a recent blood meal, whereas the late stages of maturation were associated with the presence of brown blood. In an advanced stage of digestion, stage V was associated with the absence of blood from the stomach (Lima-Camara et al. 2007) .
We may thus infer that females of Ae. aegypti and Ae. albopictus that contained red blood in the midgut and ovaries in the late stages of development (i.e., as from stage III) were in gonotrophic discordance, because this denotes a recent blood meal. Gonotrophic discordance can also be inferred for the females of Ae. aegypti and of Ae. albopictus which had brown blood in the midgut and ovaries in the initial stages of maturation (up to stage II), because blood in an advanced stage of digestion would not be sufficient for the female to complete the development of its ovaries as it would need a subsequent blood meal. The same phenomenon can be similarly interpreted for females of Ae. aegypti and Ae. albopictus with brown blood and ovaries at stage V of maturation, when they are considered to be gravid and ready to lay their eggs. Females of these species which did not present blood in the stomach and ovaries in stages III and IV of maturation will also need a blood meal to complete the maturation of their ovaries.
The vector ability of Ae. aegypti and Ae. albopictus involves some factors related to the competence of a mosquito to become infected and to transmit the pathogen that it carries as well as aspects of its biology and behavior, such as anthropophily, endophily, longevity, and the presence of gonotrophic discordance. Despite being important elements for the characterization of a good vector, few field studies have addressed the longevity and gonotrophic discordance of Ae. aegypti and Ae. albopictus in Brazil or the world. To our knowledge, there are no previous studies on gonotrophic discordance of Ae. aegypti and Ae. albopictus females in the city of São Paulo. In this present study, in spite of using a small number of females of Ae. aegypti and Ae. albopictus, we ascertained that 36% and 27% of the females of Ae. aegypti and Ae. albopictus, respectively, were in gonotrophic discordance. Barata et al. in 2001 presented evidence for gonotrophic discordance in Ae. aegypti, with 28% of females in the late stages of maturation of their ovaries with red blood in their midguts. Fernández and Forattini (2003) found gonotrophic discordance in 38% and 32% of captured Ae. albopictus in the Ribeira Valley and in the Paraiba Valley, São Paulo, SP, respectively. Similarly, Lima-Camara et al. (2007) showed evidence for gonotrophic discordance in females of Ae. aegypti and Ae. albopictus captured in Rio de Janeiro, suggesting that this behavior increases the human/vector contact and thus contributes to the maintenance of the endemic character of dengue in the state. For Ae. scapularis, under laboratory conditions, Telles de Deus and Kakitani (2006) reported that 55% of the females fed more than once before laying their eggs, thus indicating gonotrophic discordance in this species.
The ingestion of multiple blood meals among Ae. aegypti and Ae. albopictus had already been reported in females of both small and large body size, perhaps being associated with the energy needs of both sizes (Briegel 1990 , Chambers and Klowden 1990 , Xue et al. 1995 , Farjana and Tuno 2013 . In any case, taking several blood meals in a single gonotrophic cycle increases the chances of being infected and transmitting a pathogen. Added to a high parity rate, which suggests greater longevity in nature, these species play an important role for the maintenance and dissemination of diseases.
Knowledge of the biology of Ae. aegypti and Ae. albopictus, together with parity data, contact with vertebrate hosts, and gonotrophic discordance, may provide a better understanding of the dynamics of arbovirus transmission. While Ae. aegypti merits close attention in both world and Brazilian public health, Ae. albopictus has not yet been incriminated as a natural vector of the arbovirus in Brazil, despite having shown great vector competence under laboratory conditions. Thus, surveillance related to these two species is essential in order that relevant strategies may be drawn up for the control of their populations and the mitigation of possible arbovirus disease epidemics.
